Objective This study was conducted to investigate whether the add-on treatment of allergic rhinitis (AR) based on the Self-assessment of Allergic Rhinitis and Asthma (SACRA) questionnaire for assessing AR control improves both AR and asthma control in asthmatic patients with AR. Methods This multi-center prospective study was performed in Nagano prefecture, Japan. Two hundred five asthmatic patients and 23 respiratory physicians participated in the study. We administered add-on AR treatments based on the results of the SACRA questionnaire. After the first SACRA questionnaire, 67 asthmatic patients agreed to receive an add-on AR treatment. Three months after the AR treatment, a secondary SACRA questionnaire, asthma control test (ACT), and pulmonary function tests were performed. Results After the add-on AR treatment, the visual analogue scales (VASs) for AR and asthma, as assessed by the SACRA questionnaire and ACT score, were significantly improved in the patients of the AR+ group. With regard to the pulmonary function tests, the percent predicted vital capacity, and percent predicted forced expiratory volume in one second were also significantly improved. Regardless of whether the patients had previously undergone leukotriene receptor antagonists (LTRA) treatment, the VASs for AR and asthma and the ACT score were significantly improved in the AR+ group. However, the vital capacity (VC), forced vital capacity (FVC) and forced expiratory volume (FEV1) were only significantly improved in the AR+ group that had previously undergone LTRA treatment. Conclusion SACRA questionnaire-based add-on AR treatment would be convenient for the detection of AR by respiratory physicians and would offer improved asthma control. This questionnaire can also be used to assess the therapeutic effects.
Introduction
The relationship between asthma and allergic rhinitis (AR) has been widely and clinically recognized (1) (2) (3) . The "One airway, one disease" concept was first described by Grossman in 1997 (4) . He described the concept mainly from the pathophysiological roles of leukotriene inflammation in the upper and lower airways (4) . Although the rate of comorbidities varies among different regions and countries, a nationwide survey of asthmatic patients in Japan revealed that 67.3% of asthmatic patients had AR (5) . Previous studies demonstrated that among patients with asthma and concomitant AR, those who received treatment for AR had a significantly lower risk of subsequent asthma-related events (emergency care visits/hospitalizations) than those who did not receive treatment (3, 6) . Notwithstanding the above facts, many reports have pointed out a divergence in the knowledge among physicians regarding asthma and AR and that the comprehensive treatments for both diseases were insufficient (1) (2) (3) 5) . It is possible that asthmatic patients with perennial rhinitis will fail to mention their rhinitis symptoms to their physician. Indeed, Verdiani et al. reported that perennial rhinitis is much more important than seasonal rhinitis as a risk factor for developing non-specific bronchial hyperresponsiveness in AR patients without asthma (7) . To diagnose the existence of AR, we would need to examine asthmatic patients in greater detail.
The Self-assessment of Allergic Rhinitis and Asthma (SACRA) questionnaire, which was developed by Ohta et al. is used for determining and estimating the severity of both asthma and AR (5) . Before developing the questionnaire, a cross-sectional multicenter study (State of the impact of allergic rhinitis on asthma control study [SACRA study]) was conducted throughout Japan to assess the prevalence, classification, and severity of rhinitis using the Allergic Rhinitis and its Impact on Asthma (ARIA) criteria in patients with diagnosed and treated asthma based on the Global Initiative for Asthma (GINA) diagnostic guidelines (5) . The main finding of the SACRA study was that AR is a common comorbidity (67.3%) in asthma and that it impairs asthma control (5) . In addition, the survey clearly showed the divergence between the knowledge of the "one airway, one disease" concept and the medical treatments of both diseases in Japan (5) . After establishing the results, Ohta et al. produced the SACRA questionnaire. Although only the Japanese version's is named "SACRA," the same questionnaire is available in several languages on the ARIA home page (8) . The questionnaire is approved and recommended for use by ARIA and GINA. It enables physicians to diagnose AR easily and more accurately. In fact, by using the prototype questionnaire, 92.3% of the cases of AR were diagnosed by the symptoms that the patient's reported in the SACRA survey (5) .
We hypothesized that the use of the SACRA questionnaire would allow respiratory physicians to more easily diagnose and treat asthmatic patients with AR. We examined whether asthma control improved after the treatment of AR based on the results of the SACRA questionnaire in stable (i.e. no asthma attack in previous 6 months) asthmatic patients with symptomatic AR.
Materials and Methods

Subjects and study design
This study was conducted in strict accordance with the ethical standards and human research, conformed to the provisions of the latest version of the World Medical Association Declaration of Helsinki and was approved by the Shinshu University's Institutional Review Board (Permission Number, 1786). Written informed consent was obtained from each patient before they were examined in the present study.
This prospective, multicenter study was performed in Nagano prefecture from September 2011 to March 2012. Twenty three respiratory physicians in 12 institutions agreed to participate in this study. Two hundred five stable asthmatic patients were enrolled. No physicians had previously participated in any studies involving the diagnosis of rhinitis. The diagnosis of asthma was made by each respiratory physician according to Asthma Prevention and Management Guidelines (JGL) 2009 Japan (9). All patients with asthma who were enrolled in the study were included with and without considering whether they had previously been diagnosed with rhinitis. The eligible subjects consisted of patients who were older than 18 years of age, who had been diagnosed with asthma, and who were constantly followed up by their respiratory physicians. The exclusion criteria (except age), were as follows: complication with another pulmonary disease including obvious chronic obstructive pulmonary disease, oral or intravenous corticosteroid therapy within 6 months before day 1 of the study, and patients who were judged as inadequate for recruitment by the participating physicians.
Pulmonary function tests, the asthma visual analogue scale (VAS) in the SACRA questionnaire, and an asthma control test (ACT) (10, 11) were performed to evaluate the patients' asthma control. The pulmonary function tests were performed using a CHESTAC-8900 system (CHEST M.I., Inc., Tokyo, Japan). Short-acting β2-agonists were not used to relieve dyspnea on the day of the examination.
SACRA questionnaire
As mentioned, the SACRA questionnaire was translated into eight other languages, including English and can be found on the ARIA home page as "The One Airway Questionnaires" (8) . The use of the SACRA questionnaire and the English translation (Supplemental Table 1 ) of the Japanese original version were approved by the GINA and ARIA Japan committee.
Participating respiratory physicians first explained the study objective and contents to their asthmatic patients. After obtaining written informed consent from the patients, they were requested to fill in the SACRA questionnaire and ACT in the presence of physician. Spirometry was also performed on the same day. The study design and flow are indicated in Fig. 1 . Although the SACRA questionnaire can easily be used to diagnose AR based on the symptoms alone (5), the first part of the AR section in the Japanese version of this questionnaire does not necessarily ask the actual time of the AR symptoms it asks about the most symptomatic season for patients who demonstrate seasonal AR symptoms. Thus, if the patients checked "yes" at least once in the first part of the AR section of the SACRA questionnaire (same as part B-1 in Supplemental Table 1 ), then the physicians asked the patient, "Do you have that AR symptom now?". If the patient answered, "yes", they were classified into the "AR+ group" and the physician attempted to introduce add-on AR therapy. If they answered, "no", then they were classified into the "AR-group," which in principle contained patients without AR and those with asymptomatic, well-controlled AR at the time of the survey. If the "AR+ group" patients were currently treated with an leukotriene receptor antagonist (LTRA), the physicians added a histamine 1-receptor antagonist and/or nasal steroid sprays as an add-on therapy. If the "AR+ group" patients had not been treated with an LTRA, the physicians, at a minimum, administered an LTRA and were able to administer a histamine 1-receptor antagonist and/or nasal steroid sprays as an add-on treatment. After four weeks of the add-on treatment, the physicians asked the patients' (at the clinic) whether their subjective AR symptoms had improved. If patients still had the AR symptoms, the physicians could prescribe an additional add-on AR treatment (a histamine 1-receptor antagonist and/or a nasal steroid spray). Prior to the commencement of the study it was planned that the patients who received an add-on treatment, would again complete the SA-CRA questionnaire and that the ACT and spirometry would be performed again at 12 weeks after the first day of the add-on AR treatment ( Fig. 1) . If other anti-allergic agents had already been prescribed (e.g. sodium cromoglicate, splatast tosilate, or other herbal medicines), these agents were allowed to continue treatment under the same dose. There was no limitation on the use of anti-allergy eye drops.
Statistical analysis
A statistical analysis was performed using the SPSS for Windows software program (version 14.0, SPSS Inc, Chicago, IL, USA). The values shown in the figures and tables represent the mean ± the standard error of the mean (SEM). The paired t-test was used to compare the results before and after AR treatment. For other comparisons, the distribution of the data for each variable was first assessed using Bartlett's test. When variables showed a normal distribution, the data were compared using the unpaired t-test. When variables did not show a normal distribution, the data were compared using Welch's method. p values of <0.05 were considered to indicate statistical significance.
Results
A flow diagram illustrating the study protocol and the characteristics of the patients are shown in Figs. 1 and 2 , respectively. A total of 205 asthmatic patients were enrolled; completed data (no missing answers on the SACRA questionnaire or ACT, and pulmonary function tests) were obtained from 183 patients.
Ninety-three of these 183 (50.8%) asthmatic patients were classified into the "AR + group" according to their SACRA questionnaire results at the time of the first survey. The remaining asthmatic patients were considered to be ARnegative or to have asymptomatic well-controlled AR (the AR-group) at the time of the first survey. The 93 patients in the "AR + group", would be subsequently undergo a reexamination (which included pulmonary function tests, SACRA questionnaire and ACT) at three months after the first day of the add-on AR treatment. As a result, 67 of the 93 patients were re-examined. The remaining patients were excluded from this study for various reasons, including: refusing the add-on therapy (n=6), an asthma attack during the survey (n=3), only eye symptoms (n=2) and other reasons ( Fig. 2) . The demographic data of the 157 analyzed patients (90 AR -patients and 67 AR+ patients) are shown in Table 1. The 67 patients in the "AR + group" were further divided based on whether they previously been treated with an LTRA (Previous LTRA+ group, n=38) or if they had started an LTRA as an add-on AR treatment after the first survey (Previous LTRA-group, n=29). No serious adverse effects such as anaphylaxis, nasal deterioration or airway infection were observed during this study.
Add-on AR treatment improved asthma control in the asthmatic patients of the AR+ group
In the SACRA questionnaire, understandably, the VAS for rhinitis was significantly reduced after add-on AR treatment (p<0.001) ( Table 2) . A significant reduction of the VAS for asthma was also seen (p<0.001) ( Table 2 ). The total score of ACT was significantly increased in the patients who received an add-on AR treatment (Table 2) . Of the five queries in the ACT, queries #1, 3, 4 and 5 showed a significant improvement after the add-on AR treatment (Table 2) , which indicated that daily work, night or early morning symptoms, inhaler use, and asthma control were improved. A significant correlation was observed between the variation of ACT score and the variation of the VAS for asthma before and after AR therapy (n=67) (r=-0.42, p<0.001 [Spearman's rankorder correlation]) (Fig. 3) .
The pulmonary function tests, vital capacity and forced expiratory volume in one second were significantly improved in the AR+ group after the add-on AR treatment (Fig. 4) .
The effects of the add-on AR therapy on the AR-VAS, Asthma-VAS, ACT and pulmonary function test results in the AR+ group with and without previous LTRA treatment
Regardless of whether the patients had previously received an LTRA, the VASs for AR and asthma and the ACT score were significantly improved in the AR+ group. However, the vital capacity (VC), forced vital capacity (FVC) and forced expiratory volume (FEV1) were only significantly improved in the patients of the AR+ group who had previously undergone LTRA treatment ( Table 3 ). The total ACT score of the previous LTRA+ group before the add-on AR treatment was significantly lower that of the previous LTRA-group. The patients of the previous LTRA+ group completely recovered from this lack of control to the same level of the total ACT score in the previous LTRA-group (Table 3) .
Discussion
In the present study, we showed that the administration of a SACRA questionnaire-based add-on AR treatment improved the asthma VAS, the ACT score and pulmonary function in symptomatic AR patients (AR+ group). We also showed that the SACRA questionnaire was useful, not only for detecting and assessing AR and asthma, but also for estimating the efficacy of the add-on therapy. These findings were based on the results of two sets of data (once before add-on AR treatment, and once after) which included the results of the SACRA questionnaire, an ACT, and pulmonary function tests, from the 67 patients in "AR+ group." One set of data was collected from the 90 patients in the "ARgroup".
At present, we have a great deal of evidence to support the existence of a relationship between asthma and AR (1, 5). However, it has also been reported that the knowledge about the link between asthma and AR does not always precisely reflect the clinical practice (2, 5) . From the otorhinolaryngological point of view, the under-treatment of rhinitis has been reported despite the availability of treatment guidelines (12, 13) . We need to treat AR more actively based on the guidelines (12) . Recently, Ohta et al. produced the SACRA questionnaire based on the results of their nationwide survey (5) . The usefulness of the SACRA questionnaire has also been reported (14) and the questionnaire is available online in other languages, including English (supplemental Table 1 ) (8). Ohta et al. reported that in 92.3% of cases, rhinitis was diagnosed based on its symptoms (5). The easier assessment of the existence and severity of AR could improve of asthma control via the administration of the add-on AR treatment.
Recently, Ohta et al. reported a nationwide study of asth-matic patients in Japan and validated the effectiveness of the VAS for asthma (the same as the VAS scale in the SACRA questionnaire) (15) . The study revealed that the VAS for asthma severity was accurate in predicting GINA-defined asthma control (i.e. "controlled", "partly controlled", or "uncontrolled"). This study also indicated that 85% of patients with "controlled asthma" had VAS levels of <40 mm (15) . In our study, 21 of the 67 patients in the "AR+ group" had a VAS for asthma of ! 40 mm before the add-on AR treatment; only 3 patients still had a VAS for asthma of ! 40 mm after the administration of the add-on AR treatment. We also used the ACT to estimate asthma control. We showed the improvement of both the VAS for asthma value (in the SA-CRA questionnaire) and the ACT score ( Table 2 , Fig. 3 ). Considering the improvement of asthma symptoms that was achieved with the add-on AR treatment, these simple questionnaires were useful for the improvement of asthma control.
Before the add-on AR treatment, asthma control, as assessed by the ACT was worse in the previous LTRA+ group than in the previous LTRA-group (Table 3) . No difference was observed in the severity of AR, as estimated by the VAS for AR in the SACRA questionnaire (data not shown). The result seems somewhat paradoxical, since the administration of an LTRA should have beneficial effects for both asthma and AR. Since the ACT score in the previous LTRA + group improved after the add-on AR treatment to almost the same as level as the previous LTRA-group, the administration of an LTRA was considered to be useful for treating more severe asthma rather than for the management of AR. Indeed, the administration of an LTRA might have been insufficient for the treatment of AR in the previous LTRA+ group, which included AR patients with more severe asthma -while their asthma control was improved by the add-on AR treatment. The fact that the under-treatment of rhinitis is common has also been mentioned another study (13) . The presence of comorbidities has also been reported to increase the prescription of inhalants and oral steroids in the treatment of rhinitis in asthmatic patients (16) .
We found observed the effects of LTRA treatment for asthma in the previous LTRA+ group. In the pulmonary function tests, the V25 value was higher in the previous LTRA+ group than in the previous LTRA-group (Table 3) . The maximum mid-expiratory flow and V50 value also tended to be higher in the previous LTRA+ group (Table 3) . These parameters reflect the function of the peripheral airway. Since LTRAs are orally administered, the agent should affect the whole lung. Yasui et al. reported that LTRA treatment increased the maximum mid-expiratory flow rate and decreased the peripheral airway/alveolar nitric oxide concentration (17) . Kelly et al. revealed that LTRA treatment attenuated the increase in myofibroblasts after low-dose allergen challenge through the use of transbronchial biopsy specimens (18) . Longer LTRA treatment might improve the function of the peripheral airway.
Stelmach et al. reported that add-on AR treatments did not affect asthma control in asthmatic patients (19) . The prospective study divided patients with mild to moderate asthma into three groups (nasal steroid only, inhaled steroid only, and both). The clinical improvement was similar and parallel in the three groups. Their results differed from ours. First, we accepted patients with previous asthma and AR therapy. Second, LTRAs were the first choice of treatment for AR and further add-on AR treatments were accepted during the study period if the patients' AR symptoms did not improve. Finally, a recent systematic review with a meta-analysis showed the effects of nasal steroid spray on asthma outcomes (20) . We attempted to analyze the effects of nasal steroid sprays for asthma control (Supplemental Table 2 ). Treatment with an LTRA and nasal steroid spray with or without a histamine 1-receptor antagonist significantly improved the asthma-VAS scores in the previous LTRA+ group. The effects of nasal steroid spray in the previous LTRA-group could not be assessed in the present study due to the small number of subjects (Supplemental Table 2 ). With regard to the pulmonary function, several functions were also significantly improved by treatment with an LTRA and nasal steroid in the previous LTRA+ group (Supplemental Table 3 ). These results were consistent with those of a previous analysis (20) . Our protocol of study is closer to the clinical setting and we wish to advocate that the proper administration of add-on AR treatments further improves asthma control. In Japan, Japanese cedar pollen-induced AR is a nationwide problem. The pollen may also induce asthma (21) . In our prefecture, the dispersal season is in the latter half of March. Almost all of our study was performed outside of the pollen season. Recently, Hojo et al. reported a minute and critical analysis of the relationship between asthma control and Japanese cedar pollinosis (22) . Their study suggested that there was no significant difference in asthma control level measured by the VAS (in the SACRA questionnaire) and the ACT score outside of the pollen season and that the control level worsened during the pollen season (22) . It is considered that our study was performed outside of the pollen season. However, 50.8% of the patients in our study had symptomatic AR. It is considered that a number of patients with perennial AR would have been included in the symptomatic AR patient population. If patients have perennial AR, they may never complain about their AR symptoms to their respiratory physician. Perennial AR is reported to be a much more important risk factor for developing nonspecific bronchial hypersensitivity than seasonal AR (23) . In this regard, a simple questionnaire for AR (like the SACRA questionnaire) is important for assessing the potential for AR. Our study showed the usefulness of the SA-CRA questionnaire for determining the therapeutic effect of AR treatment by asking "Do you have an AR symptom now?" if the patients had marked at least one answer in the AR part of the questionnaire.
The limitations of the present study
Not all of the participating respiratory physicians introduced all of their asthmatic patients. The enrolment of a small number of patients by a physician might cause a selection bias. We therefore analyzed patients from physicians who introduced ! 10 patients. As a result, 127 of the 157 patients (80.9%) were enrolled in the sub-analysis. The VAS of asthma, ACT score, and pulmonary function tests were almost the same results as the results that were obtained in the initial analysis (data not shown).
Hojo et al. reported that the sensitivity and specificity of SACRA for the diagnosis of AR were 92% and 66% respectively (14) . Due to the lower specificity, some non-AR patients might have been included in our AR+ group. Indeed, the VAS for AR did not improve in 9 of the 67 (13.4%) patients who were included in the analysis of the add-on AR treatment in this study did not improve after three months of add-on AR treatment. Furthermore, only three of the nine patients showed improved or unchanged asthma control after three months of add-on AR treatment. The remaining six patients might not have had AR. It has been reported that the discrimination between AR and other forms of rhinitis is difficult, even for otorhinolaryngologists (24) . This is further complicated by the fact that combined rhinitis (both allergic and from other causes) has also been reported to occur (24) . Furthermore, both allergic and non-allergic rhinitis are associated with asthma (5). Considering the under-treatment of AR (5, 13, 16) , it is important to diagnose AR easily and to strictly administer appropriate treatment. Patients who do not obtain a therapeutic effect after the add-on AR treatment, should consult an otorhynolaryngologist.
Conclusion
In conclusion, the diagnosis of AR and the administration of add-on AR treatments based on the SACRA questionnaire were effective for achieving the better control of asthma patients with AR. The use of the SACRA questionnaire allows respiratory physicians to diagnose symptomatic AR and introduce add-on AR therapies easier, faster, and more effectively.
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